Abstract Northeast trending Yong'an Basin, southeast South China Craton, preserves a Permian-Jurassic, marine to continental, siliciclastic-dominated, retroarc foreland basin succession. Modal and detrital zircon data, along with published paleocurrent data, sedimentary facies, and euhedral to subhedral detrital zircon shapes, indicate derivation from multicomponent, nearby sources with input from both the interior of the craton to the northwest and from an inferred arc accretionary complex to the southeast. The detrital zircon U-Pb age spectra range in age from Archean to early Mesozoic, with major age groups at 2000-1700 Ma, 1200-900 Ma, 400-340 Ma, and 300-240 Ma. In addition, Early Jurassic strata include zircon detritus with ages of 200-170 Ma. Regional geological relations suggest that Precambrian and Early Paleozoic detritus was derived from the inland Wuyi Mountain region and Yunkai Massif of the South China Craton. Sources for Middle Paleozoic to early Mesozoic detrital zircons include input from beyond the currently exposed China mainland. Paleogeographic reconstruction in East Asia suggests derivation from an active convergent plate margin along the southeastern rim of the craton that incorporated part of Southwest Japan and is related to the subduction of the Paleo-Pacific Ocean. Integration of the geologic and provenance records of the Yong'an Basin with the time equivalent Yongjiang and Shiwandashan basins that lie to the southwest and south, respectively, provides an integrated record of the subduction of the Paleo-Pacific Ocean along the southeast margin of the South China Craton and termination of subduction of the Paleo-Tethys beneath its southwest margin in Permo-Triassic.
Introduction
Asia consists of a series of crustal blocks that record a long history of continental amalgamation. A major pulse of amalgamation occurred in the Late Paleozoic to early Mesozoic as part of the final assembly of Eurasia. For example, the accretion of Indochina and South China along the Jinshajiang-Ailaoshan-Song Ma (Song Chay) zone [Cai and Zhang, 2009; Faure et al., 2014; Lepvrier et al., 2008 Lepvrier et al., , 1997 Nakano et al., 2008; , collision of the South China and North China cratons along the Qinling-Dabie Orogenic Belt [Chang, 1996; Kim et al., 2011; Meng and Zhang, 1999; Zhang, 1997] , and the accretion of the Sibumasu Block to Indochina Block, as well as the accretion of numerous other smaller blocks [Metcalfe, 2002 [Metcalfe, , 2006 [Metcalfe, , 2011 [Metcalfe, , 2013 Wang et al., 2013a] . In terms of paleogeographic reconstructions, this time period corresponds with the termination of subduction of the Paleo-Tethys beneath the southwestern margin of the South China Craton and the beginning of subduction of the Paleo-Pacific along the southeastern and eastern margin [e.g., Cai and Zhang, 2009; Li et al., 2012; Zi et al., 2012 Zi et al., , 2013 . However, in detail the paleogeographic reconstructions are controversial. , also see Li et al. [2012] , proposed that subduction of the Paleo-Pacific Ocean was initiated in early to middle Permian. Others have argued that during the Permo-Triassic the South China Craton was under the influence of the subduction and closure of the Paleo-Tethys Ocean and subsequent collisional tectonic activities between the South China Craton and Indochina Block [e.g., Cai and Zhang, 2009; Shu et al., 2008; Yang et al., 2012a Yang et al., , 2013 , with subduction of the Paleo-Pacific not commencing until the Early to Middle Jurassic [e.g., Zhou et al., 2006] . These end-member models are not mutually exclusive, and subduction of both the Paleo-Tethys and Paleo-Pacific may have played a part in the evolution of South China, but in detail the interplay between the two has not been investigated and hence is an aim of this paper.
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A number of studies have highlighted how sedimentology and detrital records of sedimentary basins can inform paleogeographic reconstructions by constraining the position, age, temporal and spatial trends, and tectonic setting of the sediment source [e.g., Cawood, 1983; Cawood et al., 2012 Cawood et al., , 2003 Dickinson and Suczek, 1979; Sinclair, 1997] . In this paper, we integrate petrologic modal, and detrital zircon U-Pb analyses of sandstones and siltstones from Middle Permian and Triassic to Early Jurassic strata in the Yong'an Basin, which is situated immediately inboard of the Pacific margin of the South China Craton. This data, in combination with data from time equivalent sequences to the southwest and west, along with regional constraints imposed by geological relations in Southwest Japan, indicate that the Yong'an Basin occupied a retroarc (back-arc) foreland basin setting related to the subduction of the Paleo-Pacific plate.
Geological Background
South China Craton
The Yong'an Basin, along with the Youjiang and Shiwandashan basins, formed a series of Late Paleozoic to Early Mesozoic depocenters along the southern margin of the South China Craton (Figure 1 ). The craton is bounded to the north by the Qinling-Dabie-Sulu Orogen [Meng and Zhang, 1999; Zhang, 1997] and to the south by the Jinshajiang-Ailaoshan-Song Ma (Song Chay) Orogen [e.g., Faure et al., 2014] (Figure 1 ). The eastern margin of the craton extends to the continent-ocean boundary with the South China Sea. The craton consists of the Yangtze Block to the northwest and Cathaysia Block to the southeast, which were assembled in the early Neoproterozoic along the Jiangnan Orogen Li et al., 2002b Wang and Mo, 1995; Wang et al., 2013b; Zhao and Cawood, 2012] (Figure 1 ). The Yangtze and Cathaysia blocks include Archean and Paleoproterozoic metamorphic basement assemblages and the intervening Jiangnan/Sibao Orogen, which consists of a metaigneous and metasedimentary Neoproterozoic assemblage [Gao et al., 1999; Qiu et al., 2000; Cawood, 1999, 2012] . 
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Mid-Neoproterozoic to Paleozoic successions overlie the assembled South China Craton [Li et al., 2010; Yu et al., 2009 Yu et al., , 2010 Zhao and Cawood, 2012] . (Figures 2a-2d ). In the Middle Permian, the Yong'an Basin was filled with continental shelf-delta front siltstone and sandstone deposits through sediment progradation to the southeast (Figure 2b ). In the Late Permian the basin was the site for accumulation of near-shore tidal flat siltstone, mudstone, and carbonate ( Figure 2c ) whereas along the southern margin of the craton the Qinfang Trough was closed and transformed into a foreland basin (Shiwandashan Basin) (Figure 2c ). In the Early Triassic, the Yong'an Basin deepened with detritus sourced from the Wuyi Mountain region and accumulating in a succession of turbidite deposits (Figure 2d ). Time equivalent strata in the Shiwandashan Basin received detritus from the Yunkai Massif and material from the southern collision zone of the craton [Hu et al., 2015] . In the Middle Triassic most of the southern and eastern regions of the South China Craton underwent uplift and erosion. The Youjiang Basin was transformed into a foreland basin [Yang et al., 2012a] (Figure 2e ). Sedimentation in the Yong'an Basin was limited to lacustrine deposits in the central and northeast parts of the basin [BGMRFP, 1985] (Figure 2e ). In Late Triassic to Early Jurassic, the South China Craton was the site of limited molasse deposits, which in the Yong'an Basin accumulated in alluvial fan and fluvial environments [BGMRFP, 1985] (Figure 2f ).
Southwest Japan
Proto-Japan originally formed the continental margin of the South China Craton during the separation from Rodinia by rifting at 750-700 Ma [Isozaki, 1996; Isozaki et al., 2010] . In the Cambrian, Japan was converted from a passive margin to a convergent plate margin and throughout the Paleozoic and Mesozoic constituted an accretionary orogen [Cawood et al., 2009; Isozaki et al., 2010; Wakita, 2013] related to subduction of the Paleo-Pacific beneath the continental margin of the South China Craton (~500 Ma) [Isozaki and Maruyama, 1991; Isozaki et al., 2010; Cocks and Torsvik, 2013] . Pulses of orogenic activity affected the region throughout the Paleozoic and Mesozoic [Isozaki et al., 2010] . Precambrian detrital zircons occur in some units implying input from continental sources [e.g., Fujisaki et al., 2014; Sano et al., 2000; Wakita, 2013] .
Yong'an Basin
The Yong'an Basin lies close to the Pacific margin of the South China Craton (Figure 1 ) and consists of Middle Paleozoic to Cenozoic strata unconformably overlying Precambrian to Early Paleozoic units. Within the basin succession, Upper Triassic-Jurassic strata are unconformable on pre-Middle Triassic strata. Rock units in the basin strike northeast-southwest and the basin is separated from the basement exposed in Wuyi Mountain region to the northwest by the Shaowu-Heyuan fault and from Mesozoic to Cenozoic volcanic rocks to the southeast by the Zhenghe-Dapu fault [BGMRFP, 1985; Zu et al., 2012] (Figure 3 ).
The Late Paleozoic to Mesozoic succession in the Yong'an Basin consists of deep marine carbonates of the Lower Permian Qixia Formation passing up into shallow water siliciclastic units of the Wenbishan Formation, which in turn pass into grey bedded mudstones and siltstone of the Middle Permian Tongziyan Formation. This latter unit is disconformably overlain by shallow marine to continental sandstone and siltstone of the Upper Permian Cuipingshan Formation [BGMRFP, 1985] (Figures 3-5 ). The Lower Triassic strata consist of grey calc-siltstones, mudstones, and quartz, mica sandstone with interbedded limestone of the Xikou Formation, which in turn pass up into sandstones of the Xiwei Formation [BGMRFP, 1985; Li et al., 1997] . The Middle Triassic An'ren Formation, which is mainly restricted to the area around An'ren ( Figure 3) , consists of medium-to thick-bedded quartzo-feldspathic sandstone, purple mudstone, and siltstone ( Figure 5 ). The Upper Triassic succession comprises the Dakeng and Wenbinshan formations, which unconformity overlie older units. The Dakeng Formation, which is mainly exposed in the north of the study area, consists of quartzo-feldspathic sandstone (Figure 4) . The Wenbinshan Formation, present in the center and north of the basin, consists of conglomerate at its base passing up into grey quartz sandstone. Clasts within the conglomerate are up to 20 cm in diameter and consist of quartz-sandstone 
Sample Setting and Analytical Methods
Samples from the Permian to Jurassic units of the Yong'an Basin were collected from three sections, which from north to south are the Shizhong, Gongqiao, and Xi'nan sections (Figures 3 and 4) . The Shizhong and Gongqiao sections comprise Early Jurassic to Late Triassic strata unconformable on Permian to Early Triassic strata whereas the Xi'nan section consists of a continuous Triassic succession (Figure 4 ). Limited paleocurrent data for the Lower Triassic strata indicate flow from the northwest . However, sedimentary facies in the Yong'an Basin suggest that areas to the southwest and southeast of the basin could also have acted as potential sources areas in Permian-Jurassic (Figure 2 ). Forty-four samples were selected for modal analysis of which 10 were also selected for detrital zircon analysis ( Figure 4 ). Modal analysis is based on the point counting of some 300 points, on grains larger than 60 μm, following the Gazzi-Dickinson method [Dickinson, 1985; Dickinson and Valloni, 1980; Dickinson et al., 1983] . Detail modal results are listed in Data Set S1 in the supporting information. Zircons were separated from sandstone samples using conventional density and magnetic separation techniques, prior to handpicking under a binocular microscope and mounting in epoxy and polishing for backscattered electron (BSE) and cathodoluminescence (CL) imaging. U-Pb ages and trace element analyses on the zircons were determined on an Agilent 7700a at the State Key Laboratory of Geological Processes and Mineral Resources. Analytical procedure follows Yuan et al. [2004] and Liu et al. [2010] . Zircon standards National Institute of Standards and Technology 610 (NIST610), 91500 and GJ-1, were used to calibrate the U-Th-Pb ratios and absolute U abundances. Off-line selection, integration of background, analytic signals, time-drift correction, and quantitative calibration for U-Pb dating were performed with ICPMSDataCal [Liu et al., 2010] . Spot diameter was 32 μm. Error on individual analyses is given at 1 sigma. Figure S1 ), but only analyses with concordance ≧ 90 are incorporated in the combined probability density and histogram plots and discussed in the text. Age and probability density plots are calculated using the Isoplot program 3.0 [Ludwig, 2003] . In order to reduce the effect of Pb loss, ages older than 1000 Ma are based on 207 Pb/ 206 Pb ages whereas for younger analyses they are based on 206 Pb/ 238 U ages [Compston et al., 1992] . 4. Results
Petrography and Modal Analysis
The major detrital component is monocrystalline quartz along with variable but minor amounts of polycrystalline quartz, plagioclase feldspar, lithic fragments (generally sedimentary or volcanic), and mica with limited accessory grains (zircon and apatite). Chlorite resulting from low-grade alteration of matrix is present in minor amounts in most samples, and secondary calcite cement was noted in some samples ( Figure 5 ).
Siltstone samples from the Upper Permian Tongziyan Formation contain angular-subangular detritus around 0.1 mm in diameter. The major components are monocrystalline quartz (80.9%-89.0%) and lithic fragments [Dickinson and Suczek, 1979; Dickinson et al., 1983] . The analyzed samples fall within or close to the recycled-orogen field on the Q-F-L diagram (Figures 6a and 6b) , whereas on the Qp-Lv-Ls diagram they lie along or close to the Lv-Ls tie and largely between the collisional orogen and arc orogen sources (Figure 6c ).
Detrital Zircon Analysis
Zircons from analyzed samples in the Yong'an Basin are transparent to semitransparent, subhedral to occasionally rounded. Zircons from LP1, LT5, and LT10 are 30-50 μm in length whereas in the other samples they range from 50 to 150 μm ( Figure S2 ). Most grains show oscillatory zoning and sector structure in cathodoluminescence (CL) images and a few display core-rim and homogeneous structures ( Figure S2 ).
Middle Permian Sample
Fifty-four analyzes on 54 detrital zircon grains were undertaken on sample LP1 from the Middle Permian Tongziyan Formation, Shizhong section. Forty analyses ages displayed concordance greater than 90% and are dominated by age groups at 2000-1700 Ma, 900-700 Ma, and 300-250 Ma and minor groups at 1200-900 Ma, 650-480 Ma, 460-420 Ma, and 400-340 Ma (Table S1 and Figure 7 ).
Lower Triassic Samples
Two hundred and twenty-five spots were analyzed from three samples (LT5, LT10, and GQ16) of the Xikou Formation, 206 yield concordant ages that range from 3500 to 280 Ma. Major age groups occur at 2000-1700 Ma, 1200-900 Ma, and 460-420 Ma. Sample GQ16 also displays a major age group at 400-340 Ma (Table S1 and Figure 7 ). Two samples, GQ17 and GQ23, from the Xiwei Formation, Gongqiao section, yielded 127 out of a total of 132 analyses that display concordance greater than 90% and range in age from 2900 Ma to 240 Ma. Major age groups are 2000-1700 Ma, 1200-900 Ma, and 280-240 Ma with subordinate groups at 900-700 Ma, 460-420 Ma, and 400-340 Ma (Table S1 and Figure 7 ).
Middle Triassic Samples
Two samples (XN2 and XN17) from the An'ren Formation in the Xi'nan section were analyzed. All 131 analyses yielded concordance greater than 90% and range in age from 3100 to 240 Ma. Major age groups occur at 1200-900 Ma and 900-700 Ma in sample XN17 and 1200-900 Ma, 400-350 Ma, and 300-240 Ma in sample XN2, respectively (Table S1 and Figure 7 ).
Upper Triassic Samples
Sixty-six U-Pb detrital zircon analyses for sample XN18 from the Dakeng Formation and 64 analyses yielded concordance greater than 90% and range in age from 2800 Ma to 240 Ma. The major age groups are 400-340 Ma and 300-250 Ma with minor age groups at 2000-1700 Ma, 1200-900 Ma, 900-700 Ma, (Table S1 and Figure 7 ).
Lower Jurassic Samples
Sixty analyses on 58 zircon grains were analyzed from Lower Jurassic sample GQ7. Only 34 yielded concordant ages, which fall in the range of 2128 Ma to 172 Ma. The sample is characterized by two major groups at 2000-1700 Ma and 200-180 Ma with a scattering of points at 1700-1400 Ma, 900-700 Ma, and 500-200 Ma (Table S1 and Figure 7 ).
The Zircon Trace Elements
LA-ICP-MS trace element data for the analyzed detrital zircons are listed in Data Set S3. Most grains display well-developed prismatic crystal morphology and oscillatory zoned CL images, with high Th/U ratios All analyzed igneous detrital zircon grains from the Yong'an Basin were plotted on Th/U versus Nb/Hf and Th/Nb versus Hf/Th diagrams which differentiate an extensional within-plate (anorogenic environment) from a compressional magmatic arc (orogenic) setting [Yang et al., 2012b] (Figure 8 ). The majority of analyses lie in the arc-related/orogenic field with a few grains falling into the within-plate/anorogenic field, suggesting that potential sources are dominated by magmatic rocks formed in a convergent environment (Figure 8 ). Late Paleoproterozoic (circa 2.0-1.7 Ga) zircons are present in all samples and constitute major age groups in samples LP1, GQ7, GQ16, and XN17 (Table S1 and Figure 7) . Most of these zircons are subhedral to euhedral crystals suggesting minimal transport from source. They show oscillatory zoning under CL, and their Th/U ratios are indicative of a magmatic origin, except grains XN2.39 (1789 ± 38 Ma) and GQ16.58 (1811 ± 27 Ma), which display features indicative of a metamorphic origin (Figure 8 ). Late Paleoproterozoic magmatic rocks (circa 2.0-1.7 Ga) are widespread in the Wuyi Mountain region, immediately northwest-north of the Yong'an Basin [Li, 1997; Liu et al., 2009; Xia et al., 2012; Xiang et al., 2008; Yu et al., 2012 Yu et al., , 2009 ] and metamorphic rocks of this age are also reported from this region [Yu et al., 2012 [Yu et al., , 2009 , consistent with the paleocurrent and sedimentary facies data from the Yong'an Basin (Figure 2 ).
Late Mesoproterozoic to early Neoproterozoic (circa 1.2-0.9 Ma) zircon grains constitute a major age group in Lower to early Middle Triassic samples and a component in late Middle to Upper Triassic samples (Table S1 and Figure 7 ). Crystal shapes range from rounded to euhedral crystals. Early Neoproterozoic magmatic rocks are exposed in the Wuyi Mountain region, Yunkai Massif, and along the Jiangnan orogen, and grains of this age, along with late Mesoproterozoic aged grains, also occur in the Early Paleozoic sedimentary rocks [Wang et al., , 2013b Zhang et al., 2012; Zhao and Cawood, 2012; Yao et al., 2014 Yao et al., , 2015a Yao et al., , 2015b . Early Neoproterozoic aged rocks in the Jiangnan Orogen are unlikely to have acted as a source as this region was covered by the Late Paleozoic carbonate succession (Figure 2 ). Thus, we inferred that the euhedral grains were derived from primary magmatic rocks in the Wuyi Mountain and Yunkai Massif whereas the subhedral to rounded grains could have been recycled from adjoining sedimentary units.
Detrital zircon grains with ages 900-700 Ma and 650-500 Ma occur as a minor component of all samples and ages 900-700 Ma also occur as a major component of sample XN17 (Table S1 and Figure 7 ). Apart from grains XN17.23 (875 ± 12 Ma), XN18.19 (868 ± 7 Ma), GQ23.09 (849 ± 8 Ma), and GQ16.27 (834 ± 8 Ma), which show features indicative of a metamorphic origin (probably from a high-grade granulite facies source), the remaining grains with these ages display magmatic zircon patterns (section 4.3 and Figure 8 ). Magmatic and metamorphic rocks in the range 900-700 Ma occur on the southeastern and western margin of the Yangtze Block (Jiangnan and Panxi-Hanan orogenic belts) and sporadically in the Wuyi Mountain region Li et al., 2008a Li et al., , 2008b Li et al., , 2008c Ling et al., 2003; Wan et al., 2007; Zhao and Cawood, 2012; Zhou et al., 2007] (Figure 2 ). Detrital zircons in the range 650-500 Ma have no known igneous or metamorphic source rocks in the South China Craton. The majority of these detrital grains are from original igneous sources but at least two are from high-grade metamorphic sources; grain LP1.44 (557 ± 8 Ma) has features suggesting derivation from an eclogite-facies source and LT5.48 (499 ± 7 Ma) from a granulite source (Figure 8 ). However, detritus with ages in the range 650-500 Ma occur in Early Paleozoic sedimentary strata in the South China Craton and are inferred to have originally been derived from the SE, beyond the limits of the craton, and from sources associated with Gondwana assembly [Cawood and Nemchin, 2000; Cawood et al., 2013; Myrow et al., 2010; Wang et al., 2010; Xu et al., 2014 Xu et al., , 2013 Yao et al., 2014 Yao et al., , 2015a Yao et al., , 2015b . Erosion of this Early Paleozoic succession has been invoked as source in other Late Paleozoic to Early Mesozoic basins in South China [e.g., Hu et al., 2014 Hu et al., , 2015 and thus could have also supplied detritus to the Yong'an Basin.
Early Paleozoic (460-420 Ma) detrital zircon grains are mainly preserved in the Lower Triassic samples and display subhedral to euhedral crystal form, indicating short transport from their source area(s). These detrital zircons show CL image and REE patterns indicating a magmatic origin, consistent with the widespread Early Paleozoic granitic rocks in the nearby Wuyi Mountain region [Li et al., 2010; Wang et al., 2013a] (Figure 9 ). In summary, magmatic and metamorphic rocks in the Wuyi Mountain region, and Yunkai Massif, together with recycled detritus in Early Paleozoic strata around the basin are likely the main sources for Precambrian to Early Paleozoic detritus in the Permian-Jurassic successions of the Yong'an Basin.
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Provenance of Middle Paleozoic to Early Mesozoic (400-170 Ma) Detrital Zircons
Paleozoic (400-250 Ma) zircon grains occur in all samples (Table S1 and Figure 7 ). Most are euhedral ( Figure S2 ), suggesting short distance transport from source ( Figure 5 ). There are practically no magmatic and metamorphic rocks with these ages exposed in the mainland portion of the South China Craton. Granite with an age of circa 380 Ma occurs in NW Hunan in the Yangtze Block, west of the Jiangnan orogen , but this region was the site of carbonate accumulation during the Permian to Early Triassic (Figure 2 ) and thus would not have constituted an exposed source. This information, combined with both southeast and northwest trending paleocurrents preserved in Lower Triassic strata , suggest that the Middle Paleozoic to Permian detritus were likely sourced from beyond east-southeast coastal region of the craton. Limited Late Devonian granite (370 Ma), andesite (345 Ma), and Early to middle Permian granite (270-260 Ma) occur on Hainan Island Ding et al., 2005; Li et al., 2006 Li et al., , 2002a Li et al., , 2002b (Figure 9 ) and could have acted as a source for detritus. However, the outcrop area of the rocks on Hainan Island is extremely limited and unlikely that they alone could provide the abundant 400-250 Ma detrital zircons in the analyzed samples. [2006, 2013, 2011] , Ding et al. [2005] , Li et al. [2002a Li et al. [ , 2002b Li et al. [ , 2006 [Fujii et al., 2008; Herzig et al., 1997; Ishiwatari and Tsujimori, 2003; Sakashima et al., 2003; Tagiri et al., 2011; Uchino et al., 2008; Wakita, 2013] (Figure 9 ). Furthermore, Lower Carboniferous strata in Japan contain extensive detrital zircon grains in the range 400-340 Ma and could also have acted as a source for detritus of this age (Figures 10 and 11) . Although Japan currently lies to the north-northeast of South China and no paleocurrents in the Permian-Jurassic strata of the Yong'an Basin indicate a source in this region, recent work suggests Japan was linked to South China in Late Paleozoic to early Mesozoic [Isozaki et al., 2010 Uno et al., 2011] . Evidence supporting this link includes the following: (1) Japan and the South China Craton that show faunal similarities, especially with respect to Permian biostratigraphy (Cathaysian province) [Ishiga, 1990; Kuwahara et al., 1998; Nakae and Kurihara, 2011; Shi, 2006; Sugamori, 2011; Wang and Yang, 2011; Wang et al., 2006] ; (2) Late Triassic and Jurassic conglomerates in the northeast Japan comprise material inferred to be derived from the South China Craton [Fujisaki et al., 2014; Nutman et al., 2006] . For example, Jurassic strata in the Yong'an Basin and Northeast Japan terrane display similar detrital zircon age patterns suggesting a common source [Fujisaki et al., 2014 , and this study] ( Figures 10 and 11) ; and (3) new paleomagnetic data for the Kurosegawa terrane in southwest Japan indicates Japan formed the easternmost element of South China and was subsequently translated~1500 km northward from the continental margin to its present position in middle to Late Cretaceous [Uno et al., 2011] . On the basis of seismic reflection profiles, the distribution of high-P/T metamorphic rocks and detrital zircon chronology data in Japan, Isozaki et al. [2010 Isozaki et al. [ , 2014 has proposed that in Paleozoic-Mesozoic the South China Craton extended farther to the east and Japan is one segment of this "extended craton." Also, the Cathaysian Block was likely more widespread at that time but was removed through multiple episodes of subduction erosion during the Late Paleozoic and Early Mesozoic [Isozaki et al., 2010 ]. An additional, albeit it is limited, piece of data to support a Japan-South China link is provided by one zircon grain in sample XN18, which shows core (XN18.40) and mantle/rim (XN18.39) ages of Ediacaran (563 ± 5 Ma) and Late Carboniferous (322 ± 4 Ma), respectively. Late Carboniferous (circa 313 Ma) granite are recorded in the South China Craton, but no igneous rocks of Ediacaran age are known (Figure 9 ). However, rocks that record the combination of these two ages are present in Japan [Igi et al., 1979; Sano, 1992; Sano et al., 2000; Takayuki et al., 2008; Tsujimori and Itaya, 1999] (Figure 9 ).
An alternative possible source for zircons with ages in the range 400-250 Ma is the Jinshajiang-Ailaoshan suture zone along the southwestern margin of South China, which formed in response to subduction and closure of the Paleo-Tethys [Jian et al., 2009a [Jian et al., , 2009b Zi et al., 2013] (Figure 9 ). However, this region is far removed from Yong'an Basin and hence not easily reconciled with the pronounced euhedral crystals of 400-250 Ma detrital zircons. In addition, intervening basins between the Yong'an and the suture zone contain little detritus of this age. Triassic (circa 250-210 Ma) detrital zircons mainly occur in the Upper Triassic and Jurassic samples, with a major age peak at~240 Ma. These zircons are euhedral, with oscillatory zoning, high Th/U ratios, and REE patterns indicative of a magmatic source, consistent with derivation from nearby magmatic rocks. Indosinian granites are widespread in the southeast of the South China Craton and also in southwest Japan and are the likely source for this material Takahashi et al., 2010; Wang et al., 2005 Wang et al., , 2013a (Figure 9 ).
Zircons in the range circa 210-170 Ma in the Early Jurassic sample have a euhedral shape, are oscillatory zoned with high Th/U ratios, and display high chondrite normalized REE contents with steep HREE and a large Eu anomaly, indicating a nearby magmatic source. Jurassic intrusive and volcanic rocks are widespread across the southeast coastal parts of the craton Meng et al., 2012; Wang et al., 2013a Wang et al., , 2003 ( Figure 9 ) and are the inferred source for these grains in the Early Jurassic sedimentary rocks.
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In summary, an accretionary orogen, which likely incorporated Japan and Hainan Island, was probably situated immediately outboard of the current mainland extent of South China during Permian to Jurassic [Isozaki et al., 2010 Cocks and Torsvik, 2013; Fujisaki et al., 2014] and provided Late Paleozoic and Early Mesozoic detritus for the Yong'an Basin.
Late Paleozoic to Early Mesozoic Tectonic Setting and Evolution of the South China Craton
Previous models for the tectonic evolution of the South China Craton in Late Paleozoic to Early Mesozoic have debated the relative contributions of convergence along the southern Tethyan margin versus that along the eastern Paleo-Pacific margin of the craton Wang et al., 2013a; Yang et al., 2012a] . Integration of our data from the Yong'an Basin with data from the contemporaneous Shiwandashan Basin to the southwest and the Youjiang Basin to the west suggests both margins played a role in the evolving tectonic framework in Triassic times whereas the subduction of the Paleo-Pacific played a dominated role in the Permian and Jurassic. Figure 10 . Probability density diagram comparing analyzed detrital zircons in the Yong'an Basin and detrital zircon age of contemporary succession in the SCC [Hu et al., 2014 [Hu et al., , 2015 [Hu et al., , 2011 Li et al., 2012; Yang et al., 2012a Yang et al., , 2013 Yang, 2013; Yao et al., 2011] and Southwest Japan [Fujisaki et al., 2014; Isozaki et al., 2014] The provenance history of the Permian to Jurassic sedimentary rocks in the Yong'an Basin suggests accumulation in an evolving retroarc foreland basin. Early Paleozoic and older detritus was derived from the South China Craton inboard of the basin, but younger Paleozoic and Mesozoic detritus is inferred to be derived from magmatic arc sources forming outboard extensions of the craton Herzig et al., 1997; Li et al., 2006; Sakashima et al., 2003; Tagiri et al., 2011] (Figure 9 ). Limited paleocurrent and facies distribution data support multidirection source regions (Figures 2 and 3 ). Petrographic and modal data indicate an evolving input from inboard and outboard sources. Middle Permian and Early Triassic to early Middle Triassic rocks in the Yong'an Basin were dominated by quartz grains (70%-90%) with relatively minor feldspar and lithic fragments, indicating significant input from the craton interior. Lithic detritus, including volcanic fragments, increase through the Middle Permian to Early Figure 11 . Probability density diagram comparing Phanerozoic detrital zircons models in Permian-Jurassic succession from the Yong'an Basin [this study], Cathaysia Block , Youjiang Basin [Yang et al., 2012a] , Shiwandashan Basin [Hu et al., 2014 [Hu et al., , 2015 , and Southwest Japan Fujisaki et al., 2014] .
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Triassic and from the Middle Triassic to Early Jurassic, indicating a greater input from the outboard magmatic arc source. Figure 12 is a cumulative probability plot displaying the difference between the measured crystallization age of detrital zircon grains and the depositional age of the succession in which they occur. All PermianJurassic samples from the Yong'an Basin lie in the synorogenic field falling between the convergent and extensional basin fields. Middle Triassic to Lower Jurassic samples are displaced toward the transition zone between convergent and synorogenic basin fields . This data are consistent with our proposed back-arc (retroarc) foreland basin setting in which detritus is a mixture of material from both the craton (extensional source) and the magmatic arc (convergent source) (Figure 13 ).
Ordovician-Silurian (460-420 Ma) and Late Permian-Triassic (260-230 Ma) orogenic events in the South China Craton resulted in widespread coeval metamorphic and magmatic rocks [Wang et al., 2013a] (Figure 9 ), and these events are recorded in the detritus supplied to the Permo-Triassic samples in the Yong'an, Shiwandashan, and Youjiang basins of the South China Craton (Figures 10 and 11) . Late Devonian to Early Carboniferous (400-340 Ma) and Early to Middle Permian (300-260 Ma) detrital zircons age groups are also present in the Permo-Triassic samples of the Yong'an Basin (Figures 7, 10 , and 11). Sedimentary facies relations for the Yong'an Basin in Middle Permian to Early Jurassic along with available paleocurrent data in the Early Triassic succession (Figures 2 and 3 ) limit potential source areas of these young grains to Japan and Hainan Islands. Late Cambrian granite and metamorphic rock [Ding et al., 2002] , Carboniferous magmatic and metamorphic rocks Ding et al., 2005] , and Permian granitic rocks [Li et al., , 2002a [Li et al., , 2002b Xie et al., 2006] (Figure 9 ) are present in the Hainan Island and in part correspond to the Carboniferous-Permian Renge, Akiyoshi, Maizuru, Ultra-Tamba, and Kurosegawa belts in Japan [Herzig et al., 1997; Sakashima et al., 2003; Tsujimori and Itaya, 1999] . Thus, we proposed Hainan Island represents a preserved fragment of a more extensive outboard belt that lay along the Paleo-Pacific Ocean margin of South China in Late Paleozoic to Early Mesozoic. Although Middle Paleozoic (400-340 Ma) rocks form only a minor reported component of the South China Craton , detrital zircons of this age are abundant in Permo-Triassic clastic rocks in southeast China [Li et al., 2012, and this study] , supporting the possibility of this Late Devonian to Early Carboniferous event.
The Shiwandashan, Youjiang, and Yong'an basins record a history of basin inversion involving shallowing from marine carbonate to terrestrial deposits. This occurred in the early Permian in the Yong'an Basin, the Late Permian in the Shiwandashan Basin, and in the middle Triassic in the Youjiang Basin [e.g., Hu et al., 2014 Hu et al., , 2015 Liang and Li, 2005; Yang et al., 2012a Yang et al., , 2013 Zu et al., 2012] . Paleocurrents data and detrital zircon age patterns for coeval Permian and Triassic strata in the three basins indicate significant differences in provenance history (Figures 10, 11, and 13) . Middle Triassic strata in the Youjiang Basin are mainly derived from the Jinshajiang-Ailaoshan suture zone and the pre-Permian rocks in the Cathaysia Block (Figures 2 and 13) , whereas the Shiwandashan Basin contains detritus from the Yunkai Massif and collision-related rock units along the southern margin of the craton related to closure of the Paleo-Tethys Ocean in Permian-Triassic [Hu et al., 2014 [Hu et al., , 2015 Liang and Li, 2005; Yang et al., 2012a Yang et al., , 2013 (Figure 13 The evolution of the differences between the Shiwandashan, Youjiang, and Yong'an basins reflect their position within the South China Craton and the influence of subduction of the Paleo-Tethys beneath the southwestern margin of the craton and the Paleo-Pacific beneath the southeastern margin. The Permian-Jurassic strata in the Yong'an Basin are considered to be derived from a southeastern accretionary orogenic source related to the subduction of the Paleo-Pacific plate [Cocks and Torsvik, 2013; Isozaki et al., 2010] and from the basement units in the Wuyi Mountain region and correlatives [this study] (Figure 13 ). The geologic record for the southwestern margin of the South China Craton included subduction of the Paleo-Tethys in the Permian to Early Triassic followed by collision with Indochina in Early to Middle Triassic [Jian et al., 2009a [Jian et al., , 2009b Zi et al., 2013, and references therein; Faure et al., 2014] (Figure 13) . The unconformity at the base of the Upper Triassic strata in the Yong'an Basin could reflect the effect of this orogenic event. The Shiwandashan Basin occupied a foreland basin setting in the Late Permian, which was related to Late Permian to Early Triassic collision to the south [Liang and Li, 2005; Roger et al., 2012; . This event predates the late Early to Middle Triassic Youjiang foreland basin, the formation of which is related to the timing of ocean basin closure and mountain building in the vicinity of the Jinshajiang-Ailaoshan suture zones [Jian et al., 2009a [Jian et al., , 2009b Yang et al., 2012a; Zi et al., 2013] . The timing for closure of the Paleo-Tethys and subsequence collision of outboard blocks onto the south Asia margin is inferred to have been diachronous, decreasing from southeast to northwest [Hu et al., 2015] . Subduction of the Paleo-Pacific in the Permian along southeastern margin of the craton might be the inducement for the diachronous closure of Paleo-Tethys and oblique collision of outboard blocks. Following closure of the Paleo-Tethys, the Late Triassic to Early Jurassic history of the South China Craton was dominated by the Paleo-Pacific domain [Zhou et al., 2006] with the Yong'an Basin occupying a retroarc foreland basin position to the Late Triassic to Early Jurassic offshore magmatic arc.
Conclusions
Model analysis, detrital zircon U-Pb and trace element data from Permian to Jurassic sandstones of the Yong'an Basin, located along the southeastern coast of the South China Craton indicate a diverse and mixed provenance. Pre-Middle Paleozoic sources lay inboard of the basin whereas Middle Paleozoic to Early Mesozoic sources lay at and outboard of the South China mainland.
Precambrian (circa 3500-500 Ma) and Early Paleozoic (circa 460-420 Ma) zircon groups in the Permian-Jurassic samples overlap with the age of Paleoproterozoic basement, Neoproterozoic igneous, metamorphic, and metasedimentary rock units, and Early Paleozoic granitic rocks in the Wuyi Mountain region and the Yunkai Massif exposed within the South China Craton to the north and southwest of the basin. Late Devonian to Early Carboniferous (circa 400-340 Ma) and Early to Middle Permian (circa 300-260 Ma) detrital zircon groups are mainly derived from rocks exposed along the southeastern margin of the craton or from rocks beyond the coastline and now exposed on Hainan Island and Japan and constituting part of a contemporaneous orogenic system related to subduction of the Paleo-Pacific. This source region has been fragmented and destroyed by subsequent strike-slip activity and tectonic erosion [Isozaki et al., 2010 Uno et al., 2011] . The Yong'an Basin occupying a retroarc foreland basin between these various source terranes.
Time equivalent sedimentary basins (Permo-Triassic) to the Yong'an Basin that lie to the southwest and west, the Shiwandashan and Youjiang basins [Hu et al., 2014 [Hu et al., , 2015 Yang et al., 2012a] , record input from sources situated along the southern margin of the craton and related to subduction and closure of the Paleo-Tethys Ocean. 
